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A Prototype of Learning Support System for Formal Proof 
KIYOYUKI MIYAZAWA，t Kozo OKANOt and 8HINJI KUSUMOTOt 
Recently， formal approach has been obtaining a lot of attention in software development. 
The basis of this technology is mathematical logic. Especially， itis important to understand 
the concept of the formal proof， because it is closely related to the basic technique of the 
formal approach. However， itis difficult for the novices to study formal proof because of 
rigorous operations. To resolve such a problem， the authors propose and implement a pro-
totype of a learning support tool for formal proof in the class of Logic. The purpose of the 
proposed system is to prevent the drawbacks which occur when normal learners exerGIse by 
the hand. The authors also propose design and implementation of the tool. The advantages 
of the proposed method are the following: 1. Input support for long logical expressions; 2. 
the users are not required to operate copy and paste when they make proofs; and 3. the 
proofs are able to output in LaTeX files. Experimental results show that the tool improves 




として， MDA (Model Driven Architecture)のコア
技術として利用されている.フォーマルアプローチ手






sic to both traditional engineering and software engi-
肘 eri時， [.... • • J Software engineers usually use discrete 
mathematics and logic in a declarative mode [or speci司
?大阪大学大学院矯報科学研究科
Graduatc School of JnformDt，ion Scicncc and Tcchnol-
ogy~ Osaka U uiveI剖ty






























































式的証明を扱っており， 1節で挙げた Tarski'sWor1d 
公選系
(1) r (p→ (Q→月}
(2)←((p→ (Q→局)→ ((p→ Q)→ (p→R;))




ド ((X→ ((X-→必→x))→ ((X-→ (X-必)一 (X→治))
(公l1ll2にp=xQ=(X-X)， R= Xを代入(1)
(X→ ((X-→X)→治)




(証明系列(1)， (2) と推論規則1より (4)
r(X→X) 
(8正明系列 (3) ， (4)と准議時間l1より (5)
図 1 証明系列例
































(P→ (Q→ R))→ 
((P -) Q)→ (P→R) (1) 
のP，Q，Rにそれぞれ， X→ Y，Z，((Y→Z)→ X) 
[論文]フォーマノレアプローチの基本技術習得のための学習支援、ンステムの試作
表 1 XMLタグの定義















<?x円、1version="l.O" encoding="Ascii" ?> 
<root> 
<axlO昨1S>
<axiom> Pー >(Q -> P) </axiom> 
<axiom> (P -> (Q -> R) )→ 
((P -> Q)ー>(P -> R)) </axiom> 
<axiom> (P・>Q)ー>((P -> not Q)ー>not P) </axiom> 
</axioms> 
<inference rules> 
<inference rule> P . P -> Q :Q </inference rule> 
</inference rules> 
<proof> 
<question> not Y</question> 
<hypothesis> not (X -> Y) </hypothesis> 




Fig.2 An cxample of the xml日le
を代入すると，
(X→Y)→ (Z→ ((Y→ Z)→X))) 
→ ((X→ Y)→ Z)→ (X→Y) 






















2I(P→ (0→R))→(P→ 0)ー (P-R))
/ー 13 I(~p→ ~O) ー ((~ P → o )-P) 
After seJect吋 Axioml，I su畑頑玩扇子 ~eletë
































The result of substitution is added at 
the end of the list 
智.，
図3 代入の涜れ









































































Then， open the deduction 
panel like this 
10岨一てE Check…iobutton 




3 Q，R卜P->Y Pwas deduced from NO.2 






lき [I-X→ ((X.ア与了引 [.二 ー一一一ーー
1II-(X→(X-X)→(X→刈 IProf No. 1，3 and inference ru!e 1 
亡Theresult of inference is 
added at the end of the list. 
図 4 推論の淡れ
Flo¥V of constructing a proof with the systern 
図 5 寅鐸定理の過程
Fig.5 Applying Deductive theorem with the system ?
，~ ， 





















図 6 LASP 
Fig. 6 Overview of LASP 
表 2 LOC (Lines Of Code)の内訳
1'able 2 details of LOC 
論理式のパーサ 約 1300行 GUl 
内部データ処理 約 10日0行 代入支援
問題読み込み 約 70行 推論支援















































































公理1 ト(P→ (Q P)) 
表 3 アンケート結泉
Table 3 Result of questioflnaire 
被験者 Q1 Q2 Q.3 Q4 
I 7 2 4 5 4 。 3 3 
2 8 つ“ U 2 .5 4 5 2 3 
3 9 4 4 4 2 4 3 3 
4 10 4 4 4 4 ど〉 3 3 
5 11 3 t主 3 5 5 5 
6 12 4 5 4 4 、つJ 5 1 3 
平均点 3.75 3.75 4.33 3.00 
公理2 ト((P→ (Q→ R))-; ((P→ Q)→ (P→ 
R)) 
公理3 ト((P→Q)→ ((P→ ，(Q))→ ，(P)))




開題 3 ，(X→ Y)"Xト，Y































主 4 ず滋きの場合と LASPを使用した場合の解筏待問の比絞結果
(f問題を解けた被喜金者の数)
Table 4 Result 01'札口s¥verlirne uf c(山 lparinghεllldwriting 
with using the LASP 
問題 1
問題 2
問題 3 5分 13秒(1)
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